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Magnetorheological effect for polysaccharide magnetic hydrogels
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Biological tissue, such as dermis of sea cucumbers,
exhibits stimuli-responsive properties that the elasticity
alters in response to a physical stimulus. Materials that
physical property changes responding to a stimulus
have been extensively investigated, particularly in the
field of soft materials such as polymer gels, rubbers, or
elastomers. Polymer gel containing magnetic particles is a
stimuli-responsive gel that viscoelastic properties can be
controlled by applying magnetic fields. We have fabricated
magnetoelastic soft materials with various polymer
matrices. The elastic modulus of magnetic gels is enhanced
by forming a chain structure of magnetic particles, similarly
to magnetic fluids. Few years before, we have succeeded to
fabricateanew class of magnetoelasticgelthatdemonstrates
drastic and reversible changes in dynamic modulus without
using strong magnetic fields. At zero magnetic field, the
storage modulus of the magnetic gel is low with ~104 Pa
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although the gel contains large amount of particles as much
as 0.30, resulting from random dispersion of the magnetic
particle in the gel. The magnetic particle, under magnetic
field, aligns to the magnetic lines of force and forms a chain
structure contributing to high storage modulus exceeding
4 MPa. Followed to the magnetic gel mentioned above, it
was also succeeded to synthesize polyurethane elastomers
showing drastic change in dynamic modulus by a factor of
277. In this paper, we present the magnetoelastic response
and morphological properties of carrageenan magnetic
hydrogel that underwent wide modulation of dynamic
modulus (500 times higher than off-field modulus). In
addition, we show new evidence that the relationship
between carrageenan-concentration dependent particle
morphology and the increase in the storage modulus. The
origin of the giant magnetoelastic behavior for carrageenan
magnetic gels is discussed.
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